Abstract Effect of olive leaf extract rich in oleuropein on the quality of virgin olive oil was investigated. After extracting the dried and ground olive leaves with the assistance of homogenizer, the dried extract was partially dissolved into the oil to increase the oxidative stability of the oil. A face central composite design through response surface methodology was used to investigate the effects of enrichment conditions (extract content, time and mixing speed) on the responses, total phenolic content and oleuropein concentration of the enriched olive oil. Furthermore, antioxidant activity of the oil was determined by 2,2 0 -azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt method. Additionally, oxidative stability of the enriched oil was assessed by the Rancimat method. Total carotenoid content, peroxide value, a-tocopherol and chlorophyll were also measured, respectively. Addition of 0.15% natural antioxidant increased the stability of the oil (&46%). The antioxidant capacity of the enriched oil was almost 2.5 times higher than that of the untreated oil. Furthermore, olive leaf extract improved the quality of the virgin olive oil with respect to tocopherol, carotenoid and chlorophyll contents and peroxide value, respectively. The leaf sampling was also performed both in the autumn and summer to evaluate the possible seasonal effects on phenolic profile in order to be careful for selecting the proper harvesting time to apply the extract into the oil.
Introductıon
The consumption of edible oils has increased dramatically in the past century. However, lipid oxidation is the most qualitative problem in food products containing fat such as vegetable oils. This situation leads to great economic loss in food industry. Antioxidants are added to foods containing fats in order to prevent unpleasantness and formation of toxic components resulting from lipid oxidation. Therefore, new procedures based on a green process have been developing in order to improve the quality of edible oils by enrichment with natural antioxidants in recent years (Paiva-Martins et al. 2007; Farag et al. 2007; Salta et al. 2007; Japón-Luján and Luque de Castro 2008; Jimenez et al. 2011; Sánchez de Medina et al. 2011; Achat et al. 2012; Rafiee et al. 2012; Jaber et al. 2012; Taghvaei and Mahdi Jafari 2013; Mei et al. 2014; Delfanian et al. 2015; Castañeda Peñalvo et al. 2016; Karoui et al. 2016; Yang et al. 2016; Franco et al. 2016) . Several mechanical methods such as ultrasound Achat et al. 2012) , homogenizer (Salta et al. 2007) , magnetic stirring (Japón-Luján and Luque de Castro 2008; Sánchez de Medina et al. 2011; Jaber et al. 2012 ) and vertical stirring (Castañeda Peñalvo et al. 2016) have been applied to accomplish the enrichment of various edible oils with natural antioxidants.
In this study, olive tree (Olea europaea) leaf has been chosen as the research material due to its importance from the point of agriculture and economy in Turkey. Turkey has potency over the other competing countries with its geographical position, climate and olive cultivation customs since ancient times. Therefore, olive cultivation sector is of great significance to the agriculture and industry. Olive leaves consisting of 10% of total weight of harvested olives remain as an agricultural waste, if they are not assessed. It is of great importance to evaluate available and economically unvaluable resources. So, reduction of waste disposal will be productive with respect to both economy and ecology. On the other hand, this biomass contains considerable phenolic compounds having a strong radical scavenging activity (El and Karakaya 2009; Ritchason 1999; Pereira et al. 2007; Altıok et al. 2008; Japón-Luján and Luque de Castro 2008; Mavrakis 2009 ). Those natural antioxidants have been of great value after understanding of the toxic effects of synthetic antioxidants (Olmedo et al. 2015) .
Rancimat is an accelerated method for evaluating the oxidative stability of fats and oils, leading to prediction of shelf-life (Farhoosh 2007) . It is based on the measurement of the induction time, which decreases the aging and degradation of oil. The induction time depends on oil type, degree of unsaturation and food additives such as antioxidants. Therefore, several parameters like phenolic content, antioxidant activity, peroxide value and b-carotene content are applied for evaluating the quality of the edible oils as well as induction time.
To the best of our knowledge, there have been no studies done on the optimization of enrichment conditions of olive oil with olive leaf extracts through homogenizer. Furthermore, the extracts added to the oil were obtained from olive leaves from the same cultivar harvested both in the autumn and in the summer to determine the possible seasonal effects on phenolic profile. This study is a comprehensive research with focus on oil quality parameters such as total phenolic and carotoneid contents, oleuropein (major individual phenolic compound of olive leaf), a-tocopherol, antioxidant activity, peroxide value and induction time.
Experimental work Materials
Samples of the olive leaf and virgin olive oil were provided by Ö zgün Olive, Olive Oil Co.'s relevant departments. The leaves were harvested from Ayvalik in Agean of Turkey both in the autumn and in the summer, respectively.
Ethanol, methanol, hexane were provided from Merck and were of [99.5%, [99.8% and [99% mass purity, respectively. Redistilled water was used in all experiments. Folin-Ciocalteu reagent, sodium carbonate, gallic acid, 2,2 0 -azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), verbascoside and luteolin7-Oglucoside were purchased from Sigma-Aldrich. Oleuropein standard was obtained from Extrasynthese (Genay, France). 18 mX deionised water from Human Power I water purification system was used to prepare mixtures analyses.
Extraction of olive leaves 500 mg of dried and ground leaf samples were extracted three times with 30 mL of ethanol solution (%10, v/v) by blending in a homogeniser (IKA T25, ULTRA-TURRAX) at 4000 rpm and 45 s (three times at 10 s intervals). The mixture was centrifuged (Nüve, CN 180) at 50009g for 25 min. After the solvent was evaporated, the dried extracts were kept in dark and stored at -20°C.
Preparation of enriched olive oil
The dried extract was partially dissolved into the olive oil by means of solid-liquid extraction method. Olive leaf extracts were added to the oil at concentrations of 1000-1500 ppm, and mixed vigorously at several conditions (4000-10,000 rpm and 30-90 s) by means of homogenizer.
Extraction of polyphenols from enriched olive oil 2.5 mL hexane were added into 1 g of olive oil, and extracted with methanol twice at 7000 rpm and 60 s. The extracts were combined, washed with hexane and then filtered through a 0.45 lm syringe filter and stored at -20°C until analysis for the biochemical measurements.
Determination of total phenolic content
The concentration of total phenols in the extracts were measured by UV-spectrophotometry (PG Instruments, T60/Leicestershire, England), based on calorimetric oxidation/reduction reaction. The total phenolic content was determined according to the Folin-Ciocalteu method at a wavelength of 765 nm by following the procedure of Malik and Bradford (Malik and Bradford 2006) .
Determination of antioxidant capacity by ABTS assay
Free radical scavenging activity of the extracts by ABTS assay was done according to the modified method of Re et al. (Re et al. 1999 ). After addition of 150 lL of sample solution to 2850 lL of diluted ABTS solution, absorbance was measured at 10th minute at 734 nm against a blank sample without ABTS. The ability to scavenge the ABTS radical was calculated by using the equation below:
where A control is the absorbance of the control (ABTS solution without sample) and A sample is the absorbance of the test sample.
HPLC analysis
Analyses of oleuropein were conducted on an Agilent 1260 chromatographic system (Agilent, Waldbronn, USA) equipped with quaternary pump, a degasser, manual injector and a diode-array-detector (DAD). Agilent Eclipse Plus C18 RRHD 18 column (3.0 mm 9 5.0 mm id, 1.8 lm particle size) was used to separate the extracts. The column temperature was maintained at 40°C with a gradient elution of (A) 0.1% formic acid in H 2 O and (B) 0.1% formic acid in acetonitrile. A gradient program was written according to the following profile: 0-14 min 0% B, 14-14.2 min 40% B, 14.2-17.2 min 100% B, 17.4-20 min 0% B. Injection volume was 20 lL and the detection wavelength was set at 276 nm. Agilent LiChrospher DIOL coloumn (4 9 250 mm, 5 lm) was used for a-tocopherol analysis by following IUPAC Standard Method (IUPAC, 1992) .
Rancimat method
The stability of olive oil before and after enrichment was evaluated by Rancimat method at 130°C in a Rancimat 892 apparatus (Metrohm). The oxidation process was monitored upon 3 g oil sample at air velocity 20 L/h. The stability of the oils was expressed as the induction time (IT).
Peroxide value
The peroxide value in mg oxygen equivalent per kg of oil (meq-O 2 /kg-oil) was determined by titration of 0.1 N KI saturated solutions of the oil with 0.1 N Na 2 S 2 O 3 and starch as indicator (Sánchez de Medina et al. 2011 ).
Determination of carotenoid
Total carotenoid content (TCC) of the oil was determined by following the slightly modified method of Chuang and Brunner at 450 nm (Chuang and Brunner 2006) . The carotenoids content was calculated using the calibration curve, obtained using known concentration of b-carotene dissolved in hexane.
Determination of chlorophylls
Chlorophyll content was determined at 670 nm in cyclohexane by using exactly the same method of Jaber et al. The chlorophyll concentration is expressed as mg of pheophytin a per kg of oil (Jaber et al. 2012 ).
Experimental design
A face central composite design (FCCD) was performed with three variables to explore the effect of variables on the response (Online Resource 1). Total phenolic content (Y 1 ) and oleuropein (Y 2 ) were the responses, respectively. Mixing speed (X 1 ), time (X 2 ) and solid mass (X 3 ) were independent variables, selected based on the preliminary experiments including three levels. In order to apply the FCCD, Design-Expert 9.0.6 software (trial version) was used. Twenty experiments were conducted with six replications at the center values to evaluate the pure error sum of squares.
Experimental data were fitted to the quadratic model. The quadratic model proposed was shown as follows in Eq. (2):
where Y is the response, b 0 is the constant coefficient often described as intercept, X i (i = 1-3) is the non-coded variable, b i is the linear, and b ii is the quadratic, and b ij (i and j = 3) is the second order interaction coefficients.
Statistical analysis
Three replicate experiments were carried out for each of the samples followed by a minimum of three spectrophotometric measurements from each sample. The analysis of variance (ANOVA) test was applied to identify the interaction between the variables and the response using Design-Expert program.
Results and dıscussıons
Phenolic profile of olive leaf extracts
Bioactive material composition of plant extracts can be affected by so many factors such as leaf age, degree of ripeness, cultivar, geographical origin, sampling conditions, phonological stage during sampling, proportion of brunches on the tree, moisture content, degree of contamination with soil, cultivation methods and industrial processes employed for extraction (Ş ahin et al. 2012; Bilgin and Ş ahin 2013) . In this study, olive leaves were extracted by means of homogenizer assisted extraction (HAE). Optimization studies of enrichment conditions for olive oil were evaluated according to the maximum total phenolic content (TPC) and oleuropein concentration of the oil, since oleuropein is the major compound contributing to the total phenols in the leaf (Online Resource 5). Leaf samples were picked up both in the autumn and in the summer to determine the possible seasonal effects on phenolic profile. Table 1 indicates the levels of basic phenolic compounds of olive leaf extract obtained by HAE depending on the harvesting period. The highest level of oleuropein was found in autumn leaf samples, and the levels were significantly lower in samples harvested in the summer. This is mostly attributable to the fact that the concentration of phenolic compounds have a tendency to decrease in hot summer days (Ş ahin et al. 2012 ). This information should be valuable for anyone trying to apply the extract as food additive at commercial scale.
Optimization of enrichment conditions for olive oil
The enrichment process was carried out by means of solidliquid extraction, in which solid olive leaf extract was partially dissolved into the olive oil. In order to optimize the process conditions, possible interactions among the operating parameters such as mixing time, speed of the homogenizer and the quantity of the extract should be considered depending on the preliminary experiments. 20 experimental runs were chosen randomly with Design Expert 9.0.6 as seen in Online Resource 2.
ANOVA results for the quadratic equations of Design Expert 9.0.6 for the TPC and oleuropein responses are given in Online Resources 3 and 4, respectively. The models derived for TPC and oleuropein were found significant (p \ 0.05) to display the relationship between the response and independent variables. The ANOVA result also showed that the experimental data had correlation coefficients (R 2 ) of 0.8193 and 0.8909 with the calculated models, accounting for the 81.93 and 89.09% of the results, respectively. The quadratic models for TPC (Y 1 ) and oleuropein (Y 2 ) were derived as given in the equations below: 
The independent and dependent variables were tested for lack of fit on the quadratic response surface models. The first model derived for TPC had a non-significant lack of fit value (p [ 0.05), showing that the model accurately fits the data (Peretto et al. 2014) . However, the lack of fit value of the other model calculated for oleuropein were found significant (p \ 0.05). The same results were also observed by Saldaňa-Robles et al. (2014), Danish et al. (2014) , Kittisuban et al. (2014) and Elsen and Ramesh (2015) . Kittisuban et al. asserted that a model with a significant lack of fit could still be used when large amounts of data were included in the analysis. On the other hand, Adequate Precision measures the signal to noise ratio. Both of the predicted models had ratios greater than 4, which is desirable in order to indicate adequate model discrimination. Therefore, the models can be utilized for navigation the design space (Elsen and Ramesh 2015) .
In order to explore the potential relationships between the variables, three dimensional (3D) response surface plots (Figs. 1, 2, 3 ) are constructed according to the quadratic Eqs. (3) and (4). Expectedly, yield of TPC increased by extract quantity as seen in Fig. 1a . This is in agreement with the results of Franco et al., who found out that increasing potato peel extract concentration would have improved the control of oil oxidation (Franco et al. 2016) . Mei et al. (2014) also suggested higher concentrations of the rambutan extract into sunflower oil in order to improve the stability of the oil. On the other hand, oleuropein yield had a tendency to decrease until a point, then it started to increase (Fig. 1b) . This is in agreement with the results of Ballard et al. (2010 Ballard et al. ( )and Ş ahin (2015 . Ballard et al. observed a 35.8% reduction in TPC when extracting phenolic antioxidants from peanut skins in the mass of the skins from 1.5 to 3.5 g. Ş ahin showed almost 22 and 13% Data are expressed as the mean (n = 3) ± SD decrease in the TPC and TFC yields of mandarin leaf exracts obtained by microwave-assisted extraction. This is mostly attributable to the surface area. Increasing the sample mass decreases the surface area, which is unfavourable for the penetration of the sample into the oil. Time had a negative effect on the enrichment of olive oil for both variables (Fig. 2a, b) . This result is most probably due to the degradation of the components caused by overexposure to the heating of the long mixing time (Chan et al. 2009 ). This might be explained by the fact that the major phenolic compound, oleuropein and the other polyphenols of the olive leaf are not thermally stable. Expectedly, mixing speed indicated an increase in the oil enriched by TPC and oleuropein while extraction time gave rise a drop under a constant solid mass.
As seen in Fig. 3a, b , enrichments by TPC and oleuropein were both increased with mixing speed of homogenizer. Diffusion of the target compounds into the oil is expected to be increased with stirring (Ho and Hsieh 2001) . Moreover, agitation also contributes to the favourable extraction with its additional energy and promoting the homogeneity (Georgiev et al. 2009; Bilgin and Ş ahin 2013) .
Validation of the optimum conditions
The results of the present study suggested that 10,000 rpm of mixing speed, 30 s of time and 1500 ppm of olive leaf extract should be employed as optimal operating conditions in order to enrich the greatest TPC (247.168 ppm) and oleuropein (26.471 ppm) in olive oil. On the other hand, Table 2 presents the experimental results of TPC (246 ppm) and oleuropein (25.98 ppm) in addition to a-tocopherol, antioxidant activity, carotene and chlorophyll contents, peroxide value and induction time at the optimum conditions of olive oil enrichment. The quadratic models have proven to be adequate to predict the optimal conditions. Efficiency of the proposed method at the optimum conditions Table 2 summarizes the results of enrichment process applied at regarding quality parameters such as TPC, oleuropein, a-tocopherol, antioxidant activity (AA), carotene (TCC) and chlorophyll contents, peroxide value (PV) and IT.
Total phenolic content increased almost 2 times over the pure olive oil whereas oleuropein concentration increased approximately 3.5 times as seen in Table 2 . Achat et al. (2012) put 150,000 ppm olive leaf into the olive oil and got 50.7 and 111 mg oleuropein per gram of olive oil by optimized ultrasound assisted extraction and conventional methods, respectively. Salta et al. (2007) added olive leaf extract containing 1680 ppm oleuropein into the sunflower oil and achieved 74.9 ppm oleuropein supplementation in the oil. However, our extract had 272 ppm oleuropein depending on the method, cultivar, harvesting time and etc. Considering the restrictions of the Joint FAO/WHO Expert Committee on food additives, only 1500 ppm extract was applied in the samples. Therefore, our oleuropein enrichment in the olive oil is reasonable comparing to those of Achat et al. and Salta et al. On the other hand, Japón-Luján et al. used 100,000 ppm olive leaf to increase the quality of the sunflower oil, and obtained 10.21 mg oleuropein per liter of oil .
The ability to scavenge free radicals has been found almost 2.5 times higher than that of untreated oil. Olive leaf extract also enhanced the quality of the oil with respect to tocopherol, carotenoid and chlorophyll contents and peroxide value.
The time required to produce a sudden increase in conductivity, due to the formation of volatile acids, determines an induction time which can be defined as a measure of the stability of oil (Jannat et al. 2010; Yang et al. 2016) . In other words, induction time is used to characterize the resistance of oil to oxidation. Online resource 6a and b show the induction times of treated and untreated oils measured at 130°C through Rancimat method. Addition of 0.15% natural antioxidant gave rise to increase of the stability of the oil (&46%). As stated before, increasing the proportion of extract would have improved the control of oil oxidation more. However, the limitations of the legal food and health committees on food additives have to be considered. Otherwise, the more the additive, the longer the induction time and the more stable the oil is to oxidation. Furthermore, the differences in IT between the oils could be attributed to the type and the quality of oil other than the proportions of additives and methods (De Leonardis et al. 2007) .
As already mentioned above, the season of the year have remarkable effect on levels of major phenolic compounds in olive leaves. This information should be precious for anyone trying to apply the extract as food additive to improve the quality of the vegetable oils at commercial scale. Table 3 demonstrates the comparitive results of oxidative stabilities of olive oils enriched by olive leaves harvested at different seasons. The increase in the oil stability by the extract of autumn olive leaves was nearly 46%, while the value of summer remained around 6%.
Conclusion
The optimum conditions for HAE was found to be 1500 ppm extract at 10,000 rpm for 30 s to achieve the maximum yields of TPC and oleuropein in olive leaf. The concentration of phenolic compounds in olive leaves had a tendency to decrease in hot summer days. Therefore, care must be taken in selecting the most accurate season for harvesting time to apply the extracts into the olive oil. Olive leaf extract has proved that its phenolic content and especially major compound, oleuropein significantly contribute to the antioxidant capacity of the extract. Addition of this natural antioxidant to olive oil has enhanced the stability of the oil as well as increasing its added-value with high quality parameters, substantially. Data are expressed as the mean (n = 3) ± SD n.d not detected Data are expressed as the mean (n = 3) ± SD
